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, and estimates range from 400 to 6000 congenital infections per year [1] [2] [3] [4] , which can lead to impaired vision, hearing deficits and mental retardation. Obstetriciangynecologists may be confronted with a number of issues regarding toxoplasmosis, including when to test or screen pregnant women, how to interpret laboratory test results, and how to manage patients clinically. In September 1998, the Centers for Disease Control and Prevention (CDC) held a conference about toxoplasmosis to identify research and prevention priorities 4 . Participants attended from governmental, medical, academic and industrial institutions. One of the recommendations of this conference was to determine the toxoplasmosis-related knowledge and practices of obstetrician-gynecologists and to develop professional education materials tailored to their needs. As a result of this recommendation, the CDC and the Department of Research of the American College of Obstetrician and Gynecologists (ACOG) collaborated to survey obstetrician-gynecologists in the United States.
SUBJECTS AND METHODS
A survey instrument was developed by the Department of Research of ACOG and CDC to collect information from obstetrician-gynecologists about their practice and patient characteristics, knowledge about laboratory diagnostic tests, laboratory screening and testing practices, knowledge about clinical toxoplasmosis and prevention of infection, and preventive counseling practices. Questions were primarily in the multiple-choice format. Input for development of the survey was obtained from obstetriciangynecologists, laboratory workers, epidemiologists, public health physicians, and infectious disease physicians.
In the fall of 1999, the six-page questionnaire was sent by the Department of Research of ACOG to a 2% random sample of ACOG members (n = 786) and to another group of ACOG members known as the Collaborative Ambulatory Research Network (CARN; n = 224). The members of the network are practicing obstetrician-gynecologists chosen to be demographically representative of ACOG members by age and sex who voluntarily participate in surveys made periodically by the college. A second mailing of the questionnaire was made to nonrespondents 3 weeks after the first. Questionnaires were compiled and data entered with a unique ID number at ACOG headquarters in Washington, DC. Only respondents that practiced in the United States were included in the analysis.
Response proportions for the random and CARN groups were compared by the c 2 test and footnoted when the difference was statistically sigificant (p < 0.05; see footnote in Table 2 ). Combined responses only are given in the text unless: (1) the CARN and random group responses were statistically different, or (2) data are presented in the text but not in Table 2 . In these two cases the CARN and random responses are also given in the text. Ninety-five per cent confidence intervals were calculated with StatXact using the Clopper-Pearson method 5 .
Variances were similar for the CARN and random group responses by the F-test, so 95% confidence limits were calculated for the combined groups. Data analyses were performed with EpiInfo 6 and SAS 7 software, except for responses to open-ended questions that were categorized and tabulated by hand. Because there were so many types of responses, the data for the open-ended questions are summarized in the text but are not shown in Table 2 . Student's t test was used to compare the means for some of the demographic characteristics. Percentages are rounded to the nearest 1% in the text and to the nearest 0.1% in the tables.
RESULTS

Response rate
Among the 224 CARN obstetrician-gynecologists surveyed who practiced in the United States, 164 (73%) responded. Among the 786 randomly selected obstetrician-gynecologists practicing in the United States, 296 (38%) responded. Ninety-six persons returned the questionnaire without responding because they did not see obstetric patients, leaving 364 responders for analysis (CARN group 147, random group 217). Under the assumption that nonresponders had the same percentage of foreign obstetriciangynecologists (4%) and physicians who did not see obstetric patients as the responders (20%), the adjusted response rate for the CARN and randomly selected groups combined was 47% (364/768). Not all respondents answered every question.
Demographic and practice-related information
The mean age of respondents was 45 years for both the CARN and the random groups (Table 1) . A higher proportion of respondents from the CARN group was female than from the random group (49% vs. 38%, c 2 p = 0.04). Otherwise, the CARN and random groups were similar by year of completing residency, region of the United States 8 , and practice type (Table 1) .
Diagnosis and laboratory testing
Overall, 91% responded that a positive Toxoplasma gondii IgG test indicates that a woman has had toxoplasmosis but does not determine when she was infected (Table 2 ). Nearly half (48%) thought a positive IgM test meant that a woman had acquired toxoplasmosis within the past 3 months, 6% within the past 12 months, and 3% within the past 24 months. Only 12% indicated that a positive IgM test could represent a false-positive result, and only 11% of respondents were aware that the FDA had sent an advisory to physicians in 1997 stating that there were problems with some commercial T. gondii IgM test kits because of high falsepositive rates. Most (94%) indicated that, if a test for IgM was positive, they would consult with a specialist (for example, in infectious diseases or perinatology). Overall, 7% of respondents indicated that they had diagnosed one or more case(s) of recently acquired infection with T. gondii in a pregnant woman in 1998 ( Table 2) .
Clinical aspects
Most (87%) ACOG members were aware that maternal T. gondii infections are not usually symptomatic ( Table 2) . A majority (63%) responded that risk of congenital disease is highest when toxoplasmosis is contracted during the first trimester, and 62% of members indicated that congenital toxoplasmosis is less severe when contracted in the last trimester (CARN group 57%, random group 65%; c 2 p < 0.05). One per cent of respondents indicated that all women with positive IgG tests should be treated. However, 53% of respondents indicated that all women with a positive IgM test should be treated for toxoplasmosis (CARN group 47%, random group 57%; c 2 p < 0.05). Data are not shown in Table 2 for the following median responses. Respondents indicated that a woman with acute toxoplasmosis has about a 25% chance of infecting her fetus (median response, same result for random and CARN groups). Overall, respondents indicated that the use of spiramycin in a woman with acute toxoplasmosis reduces her chance of infecting her fetus by 50% (median response, same result for random and CARN groups). Respondents also indicated that 70% (CARN group) to 75% (random group) of congenitally infected infants appear normal at birth (median responses).
Obstetricians and toxoplasmosis
Jones et al. Screening for toxoplasmosis A majority (64%) of ACOG members were opposed or strongly opposed to universal screening of pregnant women for toxoplasmosis (CARN group 70%, random group 59%; c 2 p < 0.05; Table  2 ). When asked how often pregnant women in their practice are screened for infection with T. gondii 66% of ACOG members responded 'when they are considered high risk', 1% responded 'at every visit', 23% responded 'at the initial exam', 35% responded 'if the patient asks questions', 47% responded 'if the patient mentions they have/had suggestive symptoms', and 12% responded 'never'.
INFECTIOUS DISEASES IN OBSTETRICS AND GYNECOLOGY
The following data for open-ended responses are included here for completeness but are not shown in Table 2 . Open-ended responses were collected to the question 'what patient characteristics would lead you to consider that a woman is at high risk for toxoplasmosis?' Among these open-ended responses about risk, 67% (CARN group 66%, random group 68%) of participants specifically mentioned cat exposure, 12% (11% CARN group, 13% random group) mentioned cat-litter exposure, 30% (32% CARN group, 30% random group) raw or undercooked meat exposure, and 9% (12% CARN group, 7% random group) gardening. Other less frequent responses included doing veterinary work, living on a farm, working with animals, living in a rural area, working in a restaurant, hunting, abnormal fetal ultrasound, fever/systemic illness, and history of living in a foreign country.
In addition, open-ended responses were recorded to a question that asked about the major concerns ACOG members had with screening pregnant women for toxoplasmosis. The most frequent concerns were that screening would be very costly and not cost-effective (44% overall; 44% CARN group, 43% random group), that with screening there would be many false-positive results or test results that are hard to interpret (29% overall; 29% CARN group, 30% random group), and that screening would create unnecessary anxiety in patients (17% overall; 17% CARN group, 17% random group). Some physicians (6% overall; 5% CARN group, 7% random group) thought that screening would lead to overtreatment or that treatment is not effective anyway (3% overall; 3% CARN group, 3% random group). When we asked about the cost of fully screening a woman for toxoplasmosis, the median response was $60 overall for an office visit (CARN group $50, random group $70), and for laboratory testing costs the median response was $100 for both the CARN and random groups.
Prevention
Overall, ACOG members were well-informed about meat-, cat-and soil-related measures to prevent transmission of toxoplasmosis and indicated that they counsel women about these measures ( Table 2 ). Many respondents indicated that they counsel pregnant women about toxoplasmosis at the initial examination (66%), when the patient asks questions about toxoplasmosis (43%), or when they consider the patient at high risk for toxoplasmosis (37%). Nearly all (96%) of the ACOG members surveyed indicated that they provide toxoplasmosis-related prevention information verbally, 11% indicated that they provide pamphlets, and 2% indicated they use other methods.
DISCUSSION
In this survey of US obstetrician-gynecologists, we found that 7% of respondents had diagnosed one or more case(s) of recently acquired toxoplasmosis in a pregnant woman over a 1-year period. These results imply that a considerable proportion of obstetrician-gynecologists will encounter acute toxoplasmosis in a pregnant woman during their careers. Because treatment can help prevent severe consequences of congenital infection, it is important that obstetrician-gynecologists stay informed about the diagnostic and clinical aspects of toxoplasmosis.
Most respondents were aware that a positive T. gondii IgG test indicates that a woman could have been infected at any time in the past and that the IgG test is not by itself an indication for treatment. However, there was not a consistent understanding among obstetrician-gynecologists about the meaning of a positive T. gondii IgM test in the diagnosis of acute toxoplasmosis. Because numerous commercial T. gondii IgM tests have become available over the past 15 years, with various sensitivity and specificity rates, interpretation of results can be confusing. The largest problem has been false-positive results with some of the commercial IgM tests 9, 10 . Because of the problems with false-positive T. With regard to clinical symptoms of toxoplasmosis, most of the respondents were aware that maternal T. gondii infections are not usually symptomatic. Studies indicate that mild symptoms such as lymphadenopathy, fever and fatigue occur in 10-20% of immunocompetent adults and generally resolve without treatment in weeks to months 12 . However, there was less certainty among the obstetrician-gynecologists surveyed about the risk of congenital disease relative to the trimester when a woman acquires an infection with T. gondii. The risk of congenital infection is lowest (10-25%) when acute maternal infection occurs during the first trimester and highest (60% or higher) when acute maternal infection occurs during the third trimester 13 . However, the severity of disease is worse when infection is acquired in the first trimester 13, 14 . The overall risk of congenital infection from acute T. gondii infection during pregnancy is 20-50% 13 . Respondents tended to indicate that treatment of acute T. gondii infection during pregnancy with spiramycin reduces the chance of congenital infection by about 50%. Some researchers have found that treatment during pregnancy reduces the chance of congenital infection by up to 60% [15] [16] [17] [18] . However, others have stated that, because there were no directly comparable control groups in studies of treated women that found a reduction in congenital infection, it is unclear whether prenatal treatment in women with toxoplasmosis reduces congenital transmission of T. gondii 19 . Respondents also tended to indicate that most congenitally infected infants appear normal at birth, even though many will develop clinical problems later if untreated. This response is consistent with the literature 2, [20] [21] [22] . A majority of the obstetrician-gynecologists surveyed were opposed to universal screening of pregnant women in the United States for T. gondii infection. However, from the survey there are no consistent criteria that emerge for when obstetrician-gynecologists should test pregnant women for acute T. gondii infection. Some respondents indicated that they test women at the initial prenatal examination; others indicated that they test a woman when she asks questions about toxoplasmosis or is considered to be at risk for acute infection. Interestingly, very few respondents (12%) indicated that they never test pregnant women for acute T. gondii infection.
The obstetricians surveyed gave a median response of a $60 cost for an office visit and a $100 cose for laboratory testing to fully screen a woman for toxoplasmosis. We have found that costs range from $50 to $100 each for IgG and IgM testing at commercial laboratories and that a complete confirmatory testing evaluation at a reference laboratory costs $300-400.
The obstetrician-gynecologists surveyed were well-informed about measures to prevent transmission of T. gondii to pregnant women. This result is particularly encouraging insofar as several studies, although not carried out in the United States, have shown that primary prevention messages are associated with improvement in Toxoplasma-related health behaviors 23 and a reduction in the rates of acute T. gondii infection during pregnancy compared to historic controls [24] [25] [26] . Nearly all ACOG members responded that they provide verbal counseling to pregnant women, although 11% indicated that they also provide pamphlets.
One area in which there was a wider range of responses from those surveyed had to do with care of cats. Always keeping a cat indoors greatly reduces the chances that a cat will acquire T. gondii infection because the cat is less likely to ingest prey that is infected with T. gondii. Changing the cat litter box daily helps prevent transmission of T. gondii, because, even under the best conditions (warm, moist environment), the oocysts excreted by cats take 1-5 days to sporulate and become infectious 27 . A limitation of the study is the low (38%) response rate among the random group. However, the response rate was much better in the CARN group (73%), and responses to most questions were very similar for the two groups. Nevertheless, response to the question 'should all pregnant women with a positive IgM test be treated?' was higher for the random group (57%) than for the CARN group (47%), and response to the question about being 'opposed to universal screening of pregnant women for acute T. gondii infection' was higher for the CARN group (70%) than for the random group (59%). The responses to these two questions may indicate that persons in the CARN group are more knowledgeable about the pitfalls of false-positive Toxoplasma IgM tests and more concerned about the possible adverse consequences of universal screening. Because persons in the CARN group volunteer to participate, they may be more knowledgeable about these issues. Non-response bias could also explain the differences.
Overall, it is apparent from our survey that a considerable proportion of ACOG obstetrician-gynecologists in the United States will encounter acute infection with T. gondii in their practice. Continuing education materials are being developed by ACOG and CDC based on this survey. Future research should focus on how effective continuing education materials are at improving knowledge about toxoplasmosis.
